ABSTRACT: Paratuberculosis was diagnosed in an endangered Key deer (Odocoileus virginianus clavium) in November 1996. Between 10 April 1997 and 28 September 2000, the Key deer population was monitored for infection with Mycobacterium avium subsp. paratuberculosis by necropsy of available carcasses (nϭ170), fecal cultures, and serology. One additional clinically affected Key deer was discovered in July 1998, and M. avium subsp. paratuberculosis was cultured from the feces of one live, asymptomatic deer. The results of this study provided sufficient evidence to consider the Key deer herd infected with M. avium subsp. paratuberculosis at very low prevalence.
INTRODUCTION
Paratuberculosis or Johne's disease, caused by infection with the acid-fast bacterium, Mycobacterium avium subsp. paratuberculosis, results in chronic enteritis, lymphadenitis, and emaciation in numerous free-ranging and domestic ruminant species (Clarke, 1997) . Of the native free-ranging ruminant species in North America, clinical paratuberculosis has been reported in Rocky Mountain bighorn sheep (Ovis canadensis) (Williams et al., 1979) , tule elk (Cervus elaphus nannodes; Jessup et al., 1981; Cook et al., 1997) , and Rocky Mountain elk (Cervus elaphus nelsoni; Manning, unpubl. data) . North American deer are known to be susceptible to the organism based on experimental infections of captive mule (Odocoileus hemionus) and white-tailed deer (O. virginianus) (Williams et al., 1983a,b) . Natural infection has been reported in farmed elk (Manning et al., 1998) . Additionally, presumptive diagnosis of paratuberculosis based on histopathology was reported in a 5 mo old captive white-tailed deer fawn that was taken from the wild at 3 days of age (Libke and Walton, 1975) . However, culture-confirmed infection in free-ranging white-tailed deer has been reported only once. Chiodini and Van Kruiningen (1983) cultured M. avium subsp. paratuberculosis from two of 10 free-ranging white-tailed deer that were present on a known infected cattle farm in Connecticut. These deer did not have lesions.
The Key deer (Odocoileus virginianus clavium) is an endangered subspecies of white-tailed deer present only on several islands known as ''keys'' in extreme southern Florida (USA). Hunting pressures in the early 1900s reduced the herd to an estimated 25-30 animals before the deer were protected by establishment of the National Key Deer Refuge (NKDR; 24Њ44Ј, 81Њ20ЈW) in 1957 and the Endangered Species Act in 1967. By the 1980s, the herd increased to an estimated 250-300 animals. Population numbers continued to increase, and by the early 1970s there were an estimated 350-400 deer (Silvy, 1975; Klimstra et al., 1978) .
As part of the comprehensive recovery program for Key deer, the US Fish and Wildlife Service has increased health monitoring of this species. In 1996, a diagnosis of paratuberculosis was made in a Key deer (described herein). This article presents two field cases of clinical paratuberculosis in Key deer along with results of the ensuing epidemiologic investigation, including serologic and fecal culture data found in the Key deer herd from 10 April 1997 to 28 September 2000.
MATERIALS AND METHODS

Diagnostic investigations
Discovery of a probable case of paratuberculosis in a Key deer in 1996 caused increased vigilance for M. avium subsp. paratuberculosis infection through necropsy of Key deer killed by vehicles, euthanized because of terminal injuries or conditions, or found dead. Veterinarians and biologists with the Southeastern Cooperative Wildlife Disease Study (SCWDS; Athens, Georgia, USA) made eight site visits to the NKDR from 10 April 1997 to 28 September 2000, and necropsies were performed on 170 Key deer to determine causes of morbidity and mortality (Nettles et al., 2002) . Because almost all Key deer carcasses were held frozen prior to examination, quality of these animals for M. avium subsp. paratuberculosis culture was marginal at best. Nevertheless, culture attempts were made on selected animals when emaciation, diarrhea, or both, were apparent. Routine bacterial cultures were conducted as previously reported (Nettles et al., 2002) . Histopathology, including examination of slides stained with Kinyoun's acid-fast stain, was performed on sections of terminal ileum, ileocecal lymph node, and mesenteric lymph node of selected animals. All Key deer were examined on site except two dead deer that were shipped refrigerated to SCWDS.
If a suspect deer had acid-fast organisms within enteric tissues, the tissue was tested by IS900 polymerase chain reaction (PCR) test for M. avium subsp. paratuberculosis DNA. Genomic DNA was purified from fresh or formalin-fixed intestine and lymph node using the QIAamp tissue kit (QIAGEN Inc., Chatsworth, California, USA) and the manufacturer's suggested protocol. Briefly, 50 mg of finely minced tissue was transferred to 320 l of Qiagen lysis buffered AL with 720 g of proteinase K and incubated 2 hr at 55 C. This mixture was vortexed frequently. After 2 hr, 400 l of buffered AL was added and each sample incubated an additional 10 min at 70 C. Following three freeze-thaw cycles caused by immersion in liquid nitrogen, 430 l of 100% ethanol was added, the samples were vortexed, applied to QIAamp spin columns, and DNA was eluted following the manufacturer's instructions. Quantities of genomic DNA eluted from spin columns were estimated by comparing the fluorescence of 1 l spots of purified DNA to that of DNA standards on 1% agarose gels containing 0.5 g/ml ethidium bromide (Sambrook et al., 1989) .
For the diagnostic PCR, a 400 bp fragment of the M. avium subsp. paratuberculosis IS900 gene was amplified as previously described (Moss et al., 1992) with slight modifications to prevent carry-over contamination. Briefly, 50 l reactions were prepared in Taq polymerase buffer (50 mM KCl, 10 mM Tris-HCl pH 9.0, 0.1% Triton X-100, and 3.3 mM MgCl2) with 0.6 mM P90 primer (5Ј-GAAGGGTGTTCGG-GGCCGTCGCTTAGG-3Ј); 0.6 M of 5Ј-biotinylated P91 primer (5Ј-GGCGTTGAGGTC-GATCGCCCACGTGAC-3Ј); 200 M each of dATP, dGTP, dCTP, and dTTP; 600 M dUTP; 250 g/ml bovine serum albumen (BSA); 1 unit uracil DNA glycosylase (UDG) (BoehringerMannheim Corporation, Indianapolis, Indiana, USA); and 2.5 units Taq DNA polymerase. Reactions were incubated 10 min at room temperature to allow UDG to degrade uracil-containing carry-over amplicons that might have contaminated the mix, then 3 min at 96 C for UDG inactivation followed by 40 thermal cycles (95 C for 1 min, 58 C for 1 min, and 72 C for 3 min) and a final 10 min incubation at 72 C. Ten l of amplification product were analyzed by agarose gel electrophoresis and ethidium bromide staining to demonstrate the presence or absence of the 500 bp IS900 amplicon.
Survey for infection by culture
Fecal samples were obtained from live-captured Key deer and, on a few occasions, Key deer carcasses. Additionally, fresh fecal samples were taken from the ground in areas where numerous Key deer were concentrated because of artificial feeding. These samples were submitted to the Johne's Testing Center, School of Veterinary Medicine, University of Wisconsin (Madison, Wisconsin, USA). Culture for M. avium subsp. paratuberculosis from feces or tissues (ileocecal lymph node, terminal ileum, or mesenteric lymph node) was conducted by a radiometric (BACTEC) technique described previously (Collins et al., 1990) . The identities of mycobacterial isolates made through this technique were confirmed by both IS900 DNA PCR probe and mycobactin-dependent growth patterns.
Survey for infection by serology
Serum samples, obtained from the live captured Key deer were submitted to the Johne's Testing Center for testing by an adaptation of the M. avium subsp. paratuberculosis enzymelinked immunosorbent assay (ELISA; IDEXX, Portland, Maine, USA) plus the agar gel immunodiffusion (AGID) test (ImmuCell Corp., Portland, Maine, USA). The AGID test and ELISA have been validated for cattle only; the ELISA conducted in this study was considered a prototype procedure for cervids. In a previous pilot study with the ELISA, it was determined that the ELISA's protein G based conjugate demonstrated binding characteristics for purified and concentrated serum IgG from elk comparable to that observed with purified and concentrated bovine IgG (Manning and Collins, 1999) . Based on titration trials with elk serum, the Key deer serum was diluted 1:8 instead of 1:20 as outlined in the ELISA test kit instructions for bovine serum. Optical densities were obtained following manufacturer's instructions, and all samples were tested in duplicate. Enzyme-linked immunosorbent optical densities were assessed using the manufacturer's sample-to-positive (S/P) ratio interpretation method based on cervid serum controls. The positive control was a pool of serum with a high optical density from three ELISA and AGID positive adult elk in which infection had been confirmed by compatible clinical signs, histopathology, and isolation of M. avium subsp. paratuberculosis from multiple tissues. The negative control serum was a pool of low-density sera from free-ranging elk populations from the northwestern United States that had minimal contact with domestic livestock. Positive and negative bovine control sera were also run on each plate as assay validity controls.
RESULTS
Diagnostic investigations
Of 170 Key deer examined by necropsy, 21 were ranked in poor body condition (Stockle et al., 1978) . However, health problems other than paratuberculosis were diagnosed in 19 of these animals as follows: haemonchosis (nϭ6); chronic purulent infections (nϭ8); malnutrition of fawns (nϭ3); enteric salmonellosis (nϭ1); and toxicosis (nϭ1).
The following two cases of paratuberculosis were diagnosed, one of which also had enteric salmonellosis:
Case 1: In November of 1996, a thin, 3-4 yr old female Key deer was observed for several days in the yard of a residence on Big Pine Key, Florida. The landowner contacted NKDR officials and the doe was captured and transported to a local veterinarian for examination. Rectal body temperature was 38.3 C. The doe was emaciated, anemic, and had submandibular edema. The veterinarian initially suspected malnutrition, but radiographs suggested a possible obstruction of the digestive tract.
The animal was treated with intravenous fluids for several hours but died before additional treatment could be initiated. A field necropsy verified the submandibular edema and absence of body fat. Ascites and a pleural effusion also were present. No apparent intestinal blockage was found; however, the intestinal tract was dilated and an enlarged ileocecal lymph node was found. A presumptive diagnosis of haemonchosis was suggested based on information provided and previous health information from the deer herd. The abomasum was collected intact and frozen for later parasitologic examination. Sections of the distal small intestine, proximal colon, and ileocecal lymph nodes were placed in 10% buffered formalin and shipped to SCWDS for examination.
Haemonchus contortus parasites were not found in the abomasal contents of this doe. Grossly, formalin-fixed sections of intestine had mild patchy thickening of the mucosa. Sections of formalin-fixed lymph node and intestine were embedded in paraffin, sectioned at 5 m, and stained with hematoxylin and eosin. Histologically, the lymph node was effaced by sheets of epithelioid macrophages and numerous Langhans-type multinucleated cells. Several small mineralized foci also were present. Sections of intestine were autolyzed, but epithelioid macrophages were noted within the lamina propria and extending into the submucosa. Kinyoun's acid-fast stain revealed many intracellular acid-fast bacteria within numerous macrophages in the lymph node and intestine. A preliminary diagnosis of paratuberculosis was made. Fresh tissues were not available from this animal for culture, but the 400 bp fragment of the IS900 gene sequence specific for M. avium subsp. paratuberculosis gene was amplified from formalin-fixed tissues by PCR, substantiating the diagnosis of paratuberculosis.
Case 2: In late May of 1998, a 2.5 yr old doe in poor body condition was seen at the same premises as Case 1. This deer was thin and had diarrhea. It was captured on 27 May 1998, fitted with a radiotelemetry unit; and a rectal swab, feces and blood sample were collected. The rectal swab yielded Salmonella enterica serotype weltevreden (group E-1). Radiometric culture of the feces was negative for M. avium subsp. paratuberculosis. Serum from the blood sample was AGID test negative for antibodies to M. avium subsp. paratuberculosis. The ELISA revealed an elevated S/P value (2.32). The animal's condition worsened and it was recaptured on 16 July 1998 and taken to a local veterinarian. Because of its progressively deteriorating condition, it was euthanized on 20 July 1998 and the carcass was shipped refrigerated to SCWDS for necropsy.
At necropsy, the deer was extremely emaciated with muscle wasting over the spine and pelvis. Dried fecal material stained the perineal area. The small intestine contained mucoid material throughout, and fibrin and necrotic debris were adhered to the jejunal mucosa. No appreciable thickening of the mucosa or enlargement of lymph nodes was noted. Fecal material in the small intestine, cecum, and rectum was watery.
Histologically, sections of small intestine showed expansion of the lamina propria by epithelioid macrophages interspersed with multifocal aggregates of lymphocytes and plasma cells. Eosinophils and giant cells were rare. Mesenteric lymph node contained sheets of epithelioid macrophages in afferent lymphatics and cortical sinuses. Acid-fast stains revealed a myriad of bacteria within the cytoplasm of macrophages in the lymph node and in the lamina propria of the intestine. As in Case 1, PCR identified the organism as M. avium subsp. paratuberculosis. In addition, S. enterica serotype kralendyl was isolated at necropsy.
Serum, taken before euthanasia, and fresh tissues were submitted to the Johne's Testing Center for radiometric culture and serologic analysis. Mycobacterium avium subsp. paratuberculosis was cultured from ileocecal and mesenteric lymph nodes taken at necropsy though not from the ileum. Serum samples taken from this animal at its death were negative for antibodies to M. avium subsp. paratuberculosis using the AGID, but the ELISA again produced a high S/P result (2.78).
Survey of deer herd by culture
Isolation of M. avium subsp. paratuberculosis was attempted from feces collected per rectum at capture from 96 live Key deer, from feces collected at necropsy from the rectum from two dead Key deer (in addition to Case 2 described above), and from 44 fresh fecal samples obtained from the ground. Of the live Key deer surveyed, 95% were older than 1 yr. Cultures of 89 of the 96 fecal samples obtained from live Key deer were negative. Five samples were inconclusive due to contamination with other bacteria, Mycobacterium scrofulaceum was isolated from one, and one yielded M. avium subsp. paratuberculosis. Cultures of the feces from the two dead Key deer and 44 fecal samples from the ground were negative for M. avium subsp. paratuberculosis.
The Key deer from which M. avium subsp. paratuberculosis was cultured was an older adult male from approximately 10.5 km from where the two cases of paratuberculosis were found. The adult male was positive on culture from a fecal sample taken on 3 December 1999, but two subsequent fecal cultures (12 March and 8 May 2000) were negative. This deer was observed during the period and was alive but thin in March 2001. FIGURE 1. Results of prototype cervid ELISA performed on Key deer sera (nϭ141). The S/P ratios obtained by the prototype ELISA were bimodally distributed.
Survey of deer herd by serology
Agar gel immunodiffusion and ELISA tests were conducted on 145 samples that were believed to represent 142 different Key deer. There is a small possibility that a few deer captured before December 1998 might have been bled twice, because animals were not individually identified prior to release before that time. Of the Key deer bled, 82% were older than 1 yr. All AGID tests were negative. The S/P ratios obtained by the prototype cervid ELISA were bimodally distributed (Fig.  1) . Ninety-three percent (132 serum samples) fell at or below an S/P ratio of 0.25 (the S/P cut-off ratio for cattle per kit instructions). Three (2%) deer had slightly higher S/P ratios between 0.28 and 0.32, and the remaining seven deer (5%) had S/ P ratios ranging from 0.66 to 2.73. The highest S/P ratio was obtained from sera taken from Case 2. When first captured on 27 May 1988, this deer had an S/P ratio of 2.32; when euthanasia on 20 July 1998, the S/P ratio was 2.78. All seven deer with high S/P ratios were older than 1 yr, and six were older than 2 yr. The adult buck that was culture positive had a low S/P ratio (Յ0.3) at all three bleedings.
In addition to the known infected deer, 18 other Key deer were sampled from the site where both clinically affected deer were discovered; all had S/P ratios Ͻ0.25.
Seventeen deer from the site where the adult buck was found were tested serologically. The three highest S/P ratios in these 17 deer were 0.28, 0.66, and 1.45, and each of these animals was fecal culturenegative at the time of bleeding. The deer infected with M. scrofulaceum had a low S/P ratio of 0.05.
DISCUSSION
The debilitated condition and gross lesions in the initial Key deer case were classic for paratuberculosis in ruminants, but the disease was considered unlikely at first because of the rarity of the infection in white-tailed deer. In contrast, paratuberculosis was suspected in the second case upon first presentation in May 1998. However, early diagnosis was confounded because the fecal culture and immunodiffusion tests for M. avium subsp. paratuberculosis were negative, and the recovery of S. enterica offered a plausible alternate explanation. Only high reactivity on the ELISA suggested paratuberculosis. However, in the brief period between 27 May and 20 July 1998, the disease progressed rapidly and multiple diagnostic tests were positive at necropsy. The presence of concurrent Salmonella infection in this deer probably contributed to the animal's rapid deterioration; however, post-mortem findings were typical for paratuberculosis.
Lesions of paratuberculosis in Key deer were comparable with cases of natural infection in red deer (Cervus elaphus) and previous experimental studies in whitetailed and mule deer (Williams et al., 1983a, b; Mackintosh et al., 1999) . As was reported with the experimentally infected white-tailed deer, grossly visible thickening of the intestinal tract was not a prominent feature in our two naturally occurring cases of paratuberculosis in Key deer. While the lesions of paratuberculosis can vary among species, the relative mild intestinal thickening seen in these Key deer and experimentally infected mule and whitetailed deer resembles the lesions most commonly seen in sheep and goats, but is in contrast to the marked intestinal thickening that has been seen with paratuberculosis in naturally infected elk (Manning et al., 1998) , fallow deer (Dama dama; Stehman et al., 1995) , and cattle (Barker et al., 1993) . In the experimental infections conducted by Williams et al. (1983b) and as noted in this report, histologic sections of the lymph nodes and intestinal tract contained numerous acid-fast bacteria. Upon necropsy of experimentally infected deer, M. avium subsp. paratuberculosis was grown from multiple tissues (Williams et al., 1983a) . Although there was only one Key deer case where fresh tissues were available, the organism was grown from both mesenteric and ileocecal lymph nodes but not from the ileum or fecal pellets taken from the rectum.
Based on limited observations, it appears that fecal shedding of M. avium subsp. paratuberculosis may be sporadic in North American deer and elk. This intermittent shedding pattern has been noted in most, if not all, infected ruminant species, especially in early phases of the disease (Manning and Collins, 2001) . Only four of 55 deer fecal samples (species not given; Williams et al., 1985) and none of seven white-tailed deer fecal samples (Williams et al., 1983b ) from experimentally infected animals were culture-positive, and the researchers concluded that fecal cultures were ineffective in detecting infection in deer. Only four of 95 fresh fecal samples from a known infected elk herd in California yielded positive cultures (Cook et al., 1997) . Eight of 89 fecal samples from exotic axis deer (Axis axis) and fallow deer taken from a location near the elk were positive (Riemann et al., 1979) . Unfortunately, fecal cultures were not done in the survey of 10 normal-appearing white-tailed deer in Connecticut where cultures were obtained from tissues of two animals (Chiodini and Van Kruiningen, 1983) . However, in two naturally infected game-farmed elk herds with multiple clinical cases, heavy shedding (both frequency and high numbers of organisms) was detected (Manning, unpubl. data) .
The results of our fecal culture monitoring in Key deer indicated that environmental contamination with M. avium subsp. paratuberculosis was not occurring on a large scale. The most intensive culture sampling was done on the small herd of Key deer associated with the two clinical cases and no cultures were positive. Elsewhere on the Key, only one positive sample was obtained from a live Key deer, and two subsequent cultures on this animal were negative. Furthermore, this animal's health has not declined dramatically to date, although the deer has lost condition at a rate attributable to its increasing age. The positive culture from this deer could be interpreted in several ways. The animal could be truly infected, but an intermittent shedder, as is common in preclinical cases of Johne's disease in most species. Alternately, the organism cultured could have been ingested by the deer and passed through the alimentary tract (Collins, 1996) . A third possibility is inadvertent contamination of the specimen in the field or at the laboratory.
The serologic data lend credence to the hypothesis that M. avium subsp. paratuberculosis is established in the Key deer population. The serology results cluster into two distinct groups with the largest sample (95%; 134) falling at or below an S/P value of 0.35. This S/P value represents the upper limit of S/P values for two wild cervid populations (nϭ370) believed to be free of exposure to M. avium subsp. paratuberculosis (Manning, unpubl. data) . The other seven (5.0%) Key deer samples provided distinctly different results with S/ P results greater than 0.65, two standard deviations from the mean.
Although informative for the sampled population, the serologic results cannot be interpreted as providing a certain diagnosis of Johne's disease for an individual animal. This is true for several reasons, one being that an ELISA interpretation cut-off (the sample-to-positive value that divides test-positive from test-negative samples) has yet to be established for this species. Because an extensive evaluation of the infection status of both test-positive and testnegative Key deer has not been and may never be made, it is not possible to determine the cut-off and thus not possible to determine the antibody assay's sensitivity and specificity for these Key deer serum samples. Another caveat is the possibility of infection by another organism eliciting antibody that cross-reacts with the solid phase M. avium subsp. paratuberculosis antigens in an ELISA. This outcome has been reported for M. avium infection in red deer (Mackintosh et al., 1999) and for Corynebacterium pseudotuberculosis infection (i.e. caseous lymphadenitis) in goats (Stehman, 1996) . However, none of the lesions in Key deer to date have given any indication of the presence of either infection, and, in general, M. avium and C. pseudotuberculosis are very rare in whitetailed deer (SCWDS, unpubl. data) .
The AGID is believed to be less sensitive than ELISA in cattle (Sockett et al., 1992) ; thus, the fact that none of the deer serum samples were positive on the AGID is not surprising. The AGID assays have performed at least comparably if not with better specificity than the ELISA in sheep and goats (Stehman, 1996) .
The combined data from this multifaceted approach of necropsy studies, culture, and serology have provided sufficient evidence for us to consider the Key deer herd infected with M. avium subsp. paratuberculosis at a low prevalence. Diagnostic procedures for paratuberculosis in cattle, which have been studied far more extensively than deer, are not highly sensitive in early phases of the infection (Collins, 1996) . Furthermore, it has been suggested that for every clinical case of Johne's disease in dairy cattle managed under close contact husbandry protocols, as many as 25 additional cattle are infected (Whitlock and Buergelt, 1996) . Whether such a guideline is appropriate for Key deer is unknown, but eventually it may be learned that a smoldering infection without many cases of clinical disease could be a more typical scenario for paratuberculosis in cervids under free-ranging conditions. For example, subclinical infection was documented in tule elk 6 yr after the last clinical case was observed (Cook et al., 1997) .
In domestic animals, transmission of M. avium subsp. paratuberculosis is enhanced by factors such as concentration of animals with resultant exposure of susceptible calves to contaminated feces, contaminated milk and water, low dietary intake, acid soils, stressors such as transport, parturition, lactation and, and immunosuppression (Thoen and Baum, 1988; Clarke, 1997) . Essentially all published reports of clinical paratuberculosis in North American deer, elk, or moose (Alces alces) indicate the presence of factors such as confinement, high population density, close association with infected cattle, or nutritional stress (Soltys et al., 1967; Libke and Walton, 1975; Jessup et al., 1981; Gogan and Barrett, 1987; Manning and Collins, 1999) . Equivalent risk factors of high deer population density, low nutritional quality of native habitat, and over-concentration of deer at artificial feeding sites were present in the Key deer population when clinical paratuberculosis was diagnosed. It also may be significant that both clinical cases were adult females that probably had been stressed by previous pregnancies. Furthermore, the two affected does were from the same small band.
The origin of the infection in these Key deer is enigmatic. No commercial livestock operations currently exist on the islands, though cattle were present in the early and mid-1900s. Feral swine occasionally are seen on outlying Keys and horses are present on the islands. Goats may be the most likely source of infection. A goat herd existed in the 1950s approximately 5 km from the location of the index case and horse owners occasionally maintain goats as stable companions. Conversation with a local veterinary practitioner revealed an observation of a ''poor-doing'' Nubian goat on Ramrod Key in 1996. However, Ramrod Key is 7 km from the known infected Key deer, and Key deer are not found on Ramrod Key. Other wildlife also should be considered in the epidemiology as indicated by a recent study in Scotland where seven wild carnivorous mammal and three wild bird species were found to be infected (Beard et al., 2001) . Endangered marsh rabbits (Sylvilagus palustris hefneri) are present in low numbers on Key deer habitat, but its status in regard to M. avium subsp. paratuberculosis is unstudied. Infection has been detected in wild European rabbits (Oryctolagus cuniculus) on farms with infected cattle in Scotland (Greig et al., 1997) .
The presence of paratuberculosis in the Key deer herd, although unfortunate, could provide some interesting information on the epidemiology of M. avium subsp. paratuberculosis in regard to wild deer. Cattle are not present on the Lower Florida Keys, and much can be learned through continued monitoring about the capability of white-tailed deer to maintain M. avium subsp. paratuberculosis independent of cattle. This information could be important as control or eradication measures are increased on sympatric cattle and free-ranging deer herds in the United States.
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